By the end of the 19th century and in the first part of this century thymus morphology had been largely studied, not only in man (HAMMAR, 1905) but also in all classes of vertebrates (SALKIND, 1915) , and since then the histophysiology of the epithelial components have been under debate, with important review papers being published (HAMMAR, 1921; MARINE, 1933; BARGMANN, 1943) . In the beginning of the 60's when the first studies about neonatal thymectomy appeared (ARCHER and PIERCE, 1961; MILLER, 1961; BURNET, 1962) , the essential knowledge of the function of the thymus as a central organ of the immune system was achieved.
The majority of papers then published dealt with thymic lymphocyte physiology and no emphasis was given to the epithelial component.
However, this tissue has again come to the fore during the late 70's when the endocrine role of the thymus attracted the attention of researchers (see reviews by FRIEDMAN, 1975; VANBEKKUM, 1975; CAso,1976) .
Thymic epithelial tissue is composed by epithelial reticular cells, Hassall's corpuscles and epithelial cysts. In this review we shall discuss only the epithelial reticular cells, leaving aside the other components (i.e. Hassall's bodies and cysts) which are much less known.
MORPHOLOGY OF THYMIC EPITHELIAL RETICULAR CELLS
Epithelial reticular cells (ERCs) that together with lymphocytes constitute the thymic parenchyma, are arranged to form an extensive, tridimensional cellular reticulum. Although more compact in the medullary region, this network of ERCs is distributed along the whole thymic lobule. This vesicular architecture seems to be supported by the great amount of cytoplasmic tonofilaments and desmosomes present in these cells.
The ERCs are stellate in shape bearing many digitif orm processes which extend among the lymphocytes.
Their cell bodies are irregular in profile and much larger in size than the thymocytes and their nuclei. A predominance of euchromatin gives the nuclei of ERCs a vesicular appearance when seen under the light microscope. A nucleolus is often conspicuous in the ERC nucleus. Differing from what is observed in thymic lymphocytes, the ERCs possess abundant cytoplasm in which the amount of organelles may vary. In some cases the granular endoplasmlc retlculum is scarce (KAMEYA and WATANABE, 1965; HAAR, 1974; HWANG et al., 1974) , whereas it may be well-developed in other instances, with dilated cisternae which may contain secretion-like materials (WEAKLEY et al., 1964; HAELST, 1967; SAVING, 1979) . In a similar way, the Golgi apparatus may be discrete (WEIss, 1963; KAMEYA and WATANABE, 1965; HWANG et al., 1974) or well-developed with numerous cisternae and vesicles (CHAPMAN and ALLEN, 1971; PFOcH, 1971) . Occasionally one may find small cytoplasmic vesicles with an amorphous material inside (WEIss, 1963; WEAKLEY et al., 1964; HWANG et al., 1974; SAVING, 1979) , which seems to be of glycoproteinic nature (JONES et al., 1975) . In fetal and neonatal life the ERCs possess a large amount of cytoplasmic autofluorescent granules (SAINTE-MARIE, 1964; SAVINO and SANTA-ROSA, 1978a) . When seen under the electron microscope they correspond to electron-dense granules (CLARK, 1963; CESARINI et al., 1968; CHAPMAN and ALLEN, 1971; JORDAN, 1977) . As we shall see later, there is evidence that the substances contained within such granules are hormones.
One of the most characteristic cytoplasmic features in the ERCs are the so-called tonofibrils. These elements are abundant and when one stains them for observation by light microscopy, the stellate shape of the ERCs are precisely reproduced (DoUGHAT and SARDINAS, 1943; PEREIRA and CLERMONT, 1971) . When observed by electron microscopy, each tonofibril corresponds to a bundle of tonofilaments (HAELST, 1967) which run across the cytoplasm towards the desmosomes.
In the thymus, such desmosomes are only found joining ERCs to each other, and can thus be used as a parameter for the identification of these cells.
Although the cytoplasmic matrix of the ERCs bears in general a low electron density, it has already been described as "dark" ERC with a highly electron-dense cytoplasm (JARPLID, 1974) . It has been suggested that they may be cells in degeneration, and although its functional meaning is still unknown, it has been shown that their number increases in cases of thymoma (JONES et al., 1975) .
FUNCTIONS OF THYMIC EPITHELIAL RETICULAR CELLS
The tridimensional arrangement of the ERCs yielding a cytoreticulum in which feltwork the lymphocytes are interposed, provides a spacial support for the latter. On the other hand, co-workers (1978, 1979) have demonstrated the existence of myosin and actin in the cells. It seems thus possible that the ERCs contract and also play a role in the intrathymic migration and movement of lymphocytes.
Another functional aspect related to the ERCs is their possible participation in the so-called blood-thymus barrier, which, similarly to the blood-brain barrier, impedes macromoleculae from the blood to come into direct contact with thymic parenchyma, and thus impedes thymic lymphocytes (mainly those of the cortex) from being stimulated by antigens before leaving the thymus.
This hypothesis that ERCs are involved in the barrier came from the observation that intralobullar blood vessels are completely sheathed by a layer of ERC processes (WEISS,1963) . Nevertheless, this hypothesis has been recently disputed by the studies using electron-dense tracers which demonstrated the existence of tight junctions between capillary endothelial cells (RAVIOLA and KARNOVSKY, 1972) and these are now the most accepted candidates for the barrier function.
On the other hand a bulk of evidence that appeared in recent literature strongly suggests a secretory activity for thymic ERCs. This role, already hypothesized a long time ago (SALKIND, 1915; HAMMAR, 1921) has reappeared after some studies which demonstrated that the immunological competence of neonatally thymectomized mice could be partially reachieved if millipore chambers containing thymic tissue were implanted in these animals (OsoBA and MILLER, 1963, 1964; LEVEY et al., 1963) . Within such chambers the cell type which most proliferated was the ERC (SHELTON, 1966) . The idea then was that thymus, and probably the ERC, was responsible for the production of a diffusable factor that promotes lymphocyte maturation.
Since then several substances acting on the immune system have been isolated from the thymus, for example thymosin (GoLDSTEIN et al., 1966) which induces lymphocytic proliferation both in the thymus and in the thymus-dependent areas of lymphatic organs (GoLDSTEIN et al., 1970) ; thymus humoral factor (TRAININ et al., 1975) involved in T-lymphocyte differentiation both in vitro and in vivo ; serum thymic factor ) acting on several T-cell subpopulations (BACH et al., 1978) ; and thymopoietinalso called thymin- <GOLDSTEIN,1975 ) that besides a blocking activity on neuromuscular transmission (GoLDSTEIN and MANGANARO, 1971 ) is also able to induce lymphocyte differentiation (BACH and GoLDSTEIN, 1975) .
The study of thymic factors has gained great importance with the demonstration that patients suffering from immunodefficiency diseases exhibit low levels of thymic hormones , and that their cellular immune response could be partially restored by the implantation of millipore chambers containing fetal thymic tissue (STEELE et al., 1975) or by the administration of the hormones (ZAlzov et al., 1979; GOLDSTEIN et al., 1980) . We can thus readily realize that substances from thymic origin which are believed to be released by an endocrine pattern of secretion (since an excretory duct is failing and the substances appear in the blood), are of paramount importance in the physiology of the immune system, and the data available strongly support the view that the ERCs are, if not the only, at least one source of these thymic hormones.
Analysing this problem from a morphological point of view, several authors have demonstrated that ERCs have the organelles required for peptide synthesis, especially in very young animals (WEAKLEY et al., 1964; CLARK, 1966; CESARINI et al., 1968; VETTERS and MACADAM, 1973; BARTEL, 1977; JORDAN, 1975) . By histochemistry, it has been shown that the ERCs are PAS-positive (HENRY, 1966) , mainly those in thymic medulla (HoEDSMIT and GERVER,1975) . This suggests that the secretory material may have a polysaccharide component.
Considering the high degree of radioactive sulphur uptake by these cells, it is possible that such a polysaccharide component is sulphated (CLARK, 1968) . More recently, the use of immunocytochemistry has clearly demonstrated the presence of thymoSin (MANDI and GLANTI, 1973), thymopoietin (GOLDSTEIN, 1975) and serum thymic factor (MoNIER et al., 1980) within the ERCs. Other important evidence for the ERC as a source of thymic hormones comes from an experiment in which the implantation of millipore chambers containing pure cultures of ERCs in thymectomized mice caused the re-appearance of serum thymic factor in the blood .
A very interesting fact is that when we study the ERC by a phylogenetic approach, we see that cytoplasmic granules containing acid muco-substances are found within the ERC of fish (SAVING and SANTA-ROSA, 1978b) , reptiles (SAVING and FABIANO, 1979) and fowl (FRAZIER, 1973; HAKANSON et al., 1974) . Thus it is possible that the endocrine role of ERC is very similar in the different classes of vertebrates.
CONCLUSIONS AND PERSPECTIVES
At present there is no doubt that thymic ERCs are essential elements for the development and functioning of the immune system, and at least part of this role is performed by their products. Nevertheless, several questions have not been answered yet, including the problems as to whether the same cell might be able to secrete more than one hormone at the same time, or all the thymic ERCs might secrete the same hormones.
Another important thing to be aware of is that, once substances of thymic origin and with activity in lymphocyte development are being more and more purified, the possibility of their therapeutic use in immunodefficiency diseases (WARA et al., 1975) and even in cancer comes to mind. In fact, this is already being tested, and the first results, not only in animals but also in humans are very encouraging (see GOLDSTEIN et al., 1980) .
